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Abstract 
Consumption of natural resources should not exceed sustainable levels. The increasing use of 
biofuels and to some extent biomaterials, on top of rising food and feed demands, is causing 
countries to use a growing amount of global land, which may lead to land use conflicts and 
the expansion of cropland and intensive cultivation at the expense of natural ecosystems. Se-
lective product certification cannot control the land use change triggered by growing overall 
biomass consumption. We propose a comprehensive approach to account for the global land 
use of countries for their domestic consumption, and assess this level with regard to globally 
acceptable levels of resource use, based on the concept of safe operating space. It is shown 
that the European Union currently uses one-third more cropland than globally available on a 
per capita basis and that with constant consumption levels it would exceed its fair share of 
acceptable resource use in 2030. As the use of global forests to meet renewable energy tar-
gets is becoming a concern, an approach to account for sustainable levels of timber flows is 
also proposed, based on the use of net annual increment, exemplified with preliminary data 
for Switzerland. Altogether, our approach would integrate the concept of sustainable con-
sumption into national resource management plans; offering a conceptual basis and concrete 
reference values for informed policy making and urging countries to monitor and adjust their 
levels of resource consumption in a comprehensive way, respectful of the limits of sustaina-
ble supply.  
 
Keywords: bioenergy, biomaterials, environmental space, consumption, agriculture, forestry 
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1. Introduction 
Sustaining land use for resource supply is often associated with the question of how to 
improve the cultivation of a certain hectare. At a higher scale, and in the context of global 
land cover and land use patterns, the question of how to control the demand for the number of 
cultivated hectares arises, in order to prevent the expansion of cropland and allow for global-
ly sustainable supply. In this article we focus on the second question, although the answers 
are certainly interlinked, as higher yields per hectare allow more to be produced on less land, 
whereas, with various limits to further yield increases, growing demand will drive cultivation 
into other areas, potentially leading to conflict. 
In recent years, many countries have established targets and quotas for the use of bio-
fuels. While biofuels may appear to be a ‘green solution’ (substituting fossil fuels) in the 
country of consumption, their import may be associated with unintended side-effects. In the 
case of first-generation biofuels, which are now widely used, this could include the intensifi-
cation and/or expansion of agricultural land with related losses of biodiversity, increased 
greenhouse gas emissions, increased water usage, water pollution and soil degradation, 
among others (for review of the environmental impacts see Bringezu et al. (2009a) or 
Howarth and Bringezu (2009)). Due to the increased competition for cropland, food prices 
have also been affected (FAO, 2008).  
A key factor determining interregional problem shifting is the overall demand of land 
required for the production of biofuel feedstocks, and the competition for land by all other 
bio-based products, in particular food, but also biomaterials (incl. traditional uses of straw 
and wood). As a consequence, there has been a growing number of analysis and debate on 
how to quantify and assess the direct and indirect land use change induced by biofuels (e.g. 
Searchinger et al., 2008; Ravindranath et al., 2009; Al-Riffai et al., 2010; Hiederer et al., 
2010). Indirect land use change induced by the production of energy crops may be associated 
with worse impacts than direct land use change and over-compensate GHG emission savings, 
as shown by Lapola et al. (2010) for Brazil. In all cases, estimates of induced direct and indi-
rect land use change are subject to the fastidious nature of model parameters. Key parameters 
include the future development of yield increases -- which are rather uncertain -- as well as 
substitution effects between crops, products and regions and the non-linearity of marginal 
land requirements for extended croplands (Edwards et al., 2010). With the provision of ever 
more GHG estimates for specific types of biofuels, there is a real risk of getting lost in the 
details and losing sight of the big picture. In the meantime, competition for cropland is grow-
ing as indicated by the increased phenomena of ‘land grabbing’1 (Cotula et al., 2009; FOE, 
2010). 
                                                
1 In the last three years, 20 Mha are thought to have been acquired by foreign interests in Africa (Hallam, 2009) 
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The current policy approach of setting mandatory biofuel quotas combined with certi-
fication of ‘sustainable biofuel production’ is insufficient for securing the overall sustainabil-
ity of biomass use. The setting of sustainability standards for the production and import of 
biofuels (through land and product certification schemes) are promising developments for 
sustainable agriculture on-site, but powerless against increasing demand. For instance, even if 
certification requires that biofuels are produced on land that has not been recently converted 
from nature, indirect land use change cannot be avoided. This is just another form of problem 
shifting: it means that the food or feed cultivation the biofuel production replaced must be 
displaced elsewhere.  
Assuming realistic yield increases, global cropland will have to expand only to feed 
the growing world population, especially to meet the need for increased protein content in 
developing countries (Bringezu et al., 2009a). Any additional demand for non-food crops 
must be expected to add to the overall demand for land, and thus contribute to the enhanced 
conversion of grasslands, savannahs and forests. The biggest cause of deforestation – and 
consequently loss of terrestrial biodiversity -- has been agricultural expansion (Lepers et al. 
2005, MEA, 2005, Haines-Young, 2009). Business as usual scenarios foresee a further ex-
pansion of global agricultural land, both crop and pasture land, in the coming decades 
(OECD, 2008a; van Vuuren and Faber, 2009). One may assume that efforts such as REDD 
(Reduced Deforestation and Degradation of forests), which aim to shelter native forests, will 
also be insufficient as long as the global demand for biomass increases.  
Agricultural land is not the only resource used by a growing biofuels industry. Anoth-
er issue of growing concern is the increasing competition for woody biomass. For instance, in 
Europe, triggered by policies to support the shift to renewable energies, traditional industries 
like plywood manufacturing have been facing increased prices for raw materials that are also 
used for heating (Bringezu et al., 2008). Sweden aims to become 50% renewable energy 
based by 2020 (Swedish Government, 2009). Although relatively rich in forests, Sweden like 
other Scandinavian countries, has become a net importer of bioenergy (Junginger et al., 
2008), mainly in the form of pellets imported from British Columbia, South Africa and Aus-
tralia. When advanced biofuel technologies are applied at a larger scale, the competition for 
wood and straw will increase further. From 1991 to 2005, Finland has increased timber im-
ports from Russia - due to lower prices -  while using only about two thirds of domestic an-
nual forest growth. In Northwest Russia clear cut logging tended to change soft woods into 
birch forests (Stahls et al., 2010). This eventually leads to the question of what a sustainable 
level of forest use in various world regions, as well as globally, looks like. In addition, woody 
biomass use may not only affect forestry resources, but also agricultural land given the prac-
tice of cultivating plantations of, for instance, short-rotation coppice on cropland.  
 To set the stage for a sustainable biomass use, governments need to first widen their per-
spective from biofuels alone to biofuels as part of the greater agricultural and forestry system. 
 4 
They need to keep an eye on their countries´ overall consumption of global food and non-
food biomass, as well as on the land needed to provide these resources. By looking at the 
entire system, they will then be able to identify those product groups which are linked to the 
domestic or foreign use of critical global resources, such as cropland. Adjusting the policy 
framework may then enable governments to motivate actors in industry and households to 
use more or less of those critical resources.   
Thus governments need a reference point for assessing the sustainability implications 
of their policies on global resource consumption, and in particular land use. For that purpose, 
we will show how it is possible to 
1. Monitor the global agricultural and forestry land already needed to supply domes-
tic consumption of all agriculture and forestry products; 
2. Compare this with how much land is available or biomass can be supplied under 
long-term conditions of sustainability.  
 
2. Methods, concepts and data used 
2.1 The system considered 
Figure 1 illustrates the system of economies interconnected by trade and exchanging 
material flows with the environment. It is a perspective that clearly shows why it is necessary 
to look beyond the borders of the domestic environment: because supply comes from domes-
tic extraction and imports. Countries extract or harvest resources from their own territory or 
use them via imports from other regions. Each country deposits waste and releases emissions 
to the atmosphere and water bodies. Theoretically, each country would have to make sure 
that the thresholds for sustainable resource use, emissions and waste disposal are not exceed-
ed. In practice, however, only few countries have the capacities to monitor and control their 
domestic resource extraction, wastes and emissions. Moreover, the relevance of the environ-
mental impacts and the acceptable level of pressures need to be assessed at different scales. 
For instance, acidification and eutrophication are usually assessed on a regional scale, where-
as GHG emissions are evaluated against global references, while monitoring and control pol-
icies are enacted at the national level. In the case of a global sustainability threshold, the ac-
ceptable level of national emissions needs to be determined by considering a long-term global 
sustainability level (e.g. 2 tonnes GWP per capita in 2050) and using an appropriate rule for 
the attribution to each country (e.g. by the (Post-)Kyoto mechanisms).  With regard to re-
source extraction and harvest, countries often issue mining licenses and may monitor the land 
used for agriculture and forestry. Worldwide, however, there seem to be very few cases of an 
overall resource planning, and especially of approaches that combine the use of abiotic and 
biotic resources. Moreover, neither regular monitoring nor methods of control currently exist 
for the levels of resource extraction associated with imports and exports. Thus the consump-
tion of goods in a country - or a region like the EU -  may lead to resource extraction in other 
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countries, which altogether may exceed global or regional sustainability levels. This article is 
one of the first attempts to start the debate and trigger research on sustainable global land use 
by nations and regions. For that purpose, it may be assumed that the sum of the CARE (Ca-
pacity of Acceptable Resource Extraction) values of all countries add to a value of Globally 
Acceptable Resource Extraction (GARE), which - depending on the target indicator -  may be 
measured either in terms of material resource extraction or land use. 
 
Figure 1 Depicting how resource flows connect domestic consumption with world limits 
 
Notes: 
RE   =  Resource Extraction; it can be land use, mineral extraction, biomass harvest 
REi  =  domestic Resource Extraction in country i 
REimp; j-I =  Resource Extraction in country/region j for import to country  i (cradle-to-products) 
CARE  =  Capacity of Acceptable Resource Extraction in country/region i-n  
CAWE  =  Capacity of Acceptable Waste disposal and Emission release in country/region i-n or 
RoW =  Rest of the World 
WE  =  Waste and Emissions 
 
2.2 Calculating global land use for domestic consumption of biomass 
A method to account for the global use of cropland for domestic consumption has al-
ready been developed following the principles of economy-wide material flow accounting2. 
Global land use of agriculture (GLUA) is calculated using land for domestic production plus 
imports minus exports of all agricultural goods (referring to the dotted flows REimp;j-i in fig-
ure 1). So far, this method has been applied to Germany (see Bringezu et al. (2009b) for de-
tails), Switzerland (Zah et al., 2010), and for this article, to the European Union (the EU-27). 
                                                
2 Economy-wide material flow accounting is the monitoring of physical material flows across an economy. For 
more information see Eurostat (2001) and OECD (2008b).  
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It is similar to the earlier approach of Erb (2004) for Austria, although developed inde-
pendently, and it goes further than Kissinger and Rees (2010) who focussed only on the land 
for imports of the USA without quantifying that for exports.  
The FAO classification of agricultural land types is used (see for instance Marklund 
and Batello, 2008). Thus, cropland includes land under temporary crops, meadows for mow-
ing or pasture, gardens, and land temporarily fallow (less than five years) as well as perma-
nent crops. For valid aggregation of national and transnational land use, categories of land 
use types -- such as ‘agricultural land’ - need to be accounted for in a comparable and con-
sistent manner. In general, compared to other world regions all the domestic agricultural land 
within the EU-27 can be considered intensively managed. As regards imports and exports we 
distinguish 773 commodities by the 6-digits HS classification of the Eurostat Comext exter-
nal trade statistics into primary crops (after the FAO classification), plant based products, and 
animal based products from agriculture. For imports of primary crops we apply the yield fac-
tors of FAOSTAT online which are specific by country of origin of imports and by year, 
while for exports of primary crops we use weighted yield factors from domestic production 
and imports. This seems justified as traded flows are usually minor in relation to domestic 
production, and transit flows are the exception.  For plant based products we apply largely 
productivity figures relating to the domestic production in Germany derived from supply bal-
ances and production statistics of the German Ministry for Agriculture, as well as conversion 
coefficients (e.g. amount of flour per unit of wheat) derived from various other sources, and 
data derived from product specific LCA studies (e.g. Diers et al. 1999) and generic sources 
such as USDA-ERS (1992, 2005). For animal products we apply mainly productivity figures 
derived from feedstuff statistics – differentiated by domestic and foreign origin – and produc-
tion statistics of the German Ministry for Agriculture for calculating the land use associated 
with imports and exports. We thus implicitly estimate for processed goods by and large a 
global agricultural land use for intensively managed systems. This may be quite realistic con-
sidering that crops (and derived products) for export are most likely from intensively used 
land, rather than from areas with marginal yields, but it may also underestimate the amount of 
international land required. The case of grassland is more difficult because grasslands in the 
EU are intensively used for grazing, whereas in other parts of the world use is extensive. Un-
published data from PBL/NL for intensively managed grasslands globally3 enabled us to cal-
culate the global intensively managed agricultural area. We thus consider two categories of 
agricultural land use for this paper:  cropland and intensively managed agricultural area (the 
                                                
3 By email communication with Stehfest, E., PBL/NL, on 30 August 2010 with reference to Klein Goldewijk et 
al. (2007). Based on grassland productivity modeled by the IMAGE crop model, the authors classified grass-
lands into intensive and extensive pastures. Data for total grassland are in line with FAOSTAT data for perma-
nent pastures and meadows. Reference to the productivity level definition of extensive and intensive grassland is 
in Bouwman et al. (2006). 
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latter consists of cropland plus intensively used grasslands, where cropland is arable land plus 
permanent crops). 
As regards forestry products, land demand (GLUF) is determined in terms of forest ar-
ea required to let the specific amount of timber for domestically consumed quantities of for-
estry products grow. This is derived from domestic production plus imports minus exports, 
i.e. apparent consumption. Based on available data (e.g. BAFU 2008 for Switzerland), area 
for import is calculated according to regions of origin (e.g. in the case of Switzerland 93% 
stemming from EU-27) and their specific net annual increment (NAI; IIASA 2005). Area for 
exports is calculated based on weighted NAI according to domestic production and import 
share. 
 
2.3 Assessing global land use for sustainable consumption of biomass 
In order to provide a long-term sustainability reference for the assessment of global 
land use by countries, two components are considered: (a) information on an acceptable level 
of resource use at the global level, and (b) an adequate attribution to the consuming countries. 
In this section we focus on (a). As regards (b), we follow the concept of environmental space 
developed by Opschoor and Weterings (1994), applied to Europe by FOE (1995), and re-
viewed by Hille (1997) by attributing the access to and the use of global resources equally on 
a per capita basis, as this seems a reasonable basis for legitimate global governance of envi-
ronmental limits (Bührs, 2009).  
To determine an acceptable level of resource use at the global level we follow a 
somewhat different approach than the ecological footprint (EF) developed by Wackernagel 
and Rees (1996). The EF represents society’s burden on the planet in theoretical global hec-
tares combining actual and a larger virtual land use, which is dominated by the assumed ter-
restrial or maritime area required to absorb carbon dioxide emissions. The EF clearly shows 
that most countries are beyond their territorial carbon absorption capacities, which underpins 
the need for improved climate change mitigation (WWF et al., 2008). However, we think that 
the pressures to global warming and land use change are global issues which need separate 
monitoring and analysis for informed decision making. Thus we focus on determining a 
threshold for the rate of extraction of renewable resources based on actual land use, and rec-
ognize the importance of also determining thresholds for emissions and other globally rele-
vant systemic pressures.  
To this end, Rockström et al. (2009) made a courageous first step; they described a 
safe operating space for humanity by defining acceptable levels of 10 key environmental 
pressures. For eight key parameters they suggested a threshold, three of which have already 
been exceeded (climate change, biodiversity loss, and atmospheric nitrogen fixation). Those 
values were derived from recommendations of comprehensive dedicated research, like that of 
the IPCC, and expert judgment (Rockström et al., 2009). 
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We agree to this deductive approach, as we think that globally acceptable levels of re-
source use can hardly be calculated and derived directly from any modelling. Although the 
complexity of interlinkages between human activities and the subsequent impacts and feed-
backs with nature could be approximated by available models to a certain extent, there seem 
to be major uncertainties about tipping points (in nature and society, e.g. if food prices in-
crease due to limited supply riots may be induced in poor countries which could trigger a 
turn-over of the political system); and moreover, there is a significant normative component 
about the decision of to which degree a change of environmental living conditions in differ-
ent world regions is acceptable and at which levels the loss of natural habitats harbouring 
species diversity should be halted. For the latter, existing policy conventions and objectives, 
formulated e.g. by the CBD4 and the European Commission (EC, 2006), serve as a reference. 
Depending on the aspiration of sustainable development, a range of sustainability tar-
gets may be defined. For instance, a more sustainable level of a country´s (or region´s) con-
sumption with regard to cropland based products could be defined in a way that the country 
would require less cropland than what is expected to be used globally on a per capita basis 
under foresight conditions (moderate sustainability "level 1"). There would still be an expan-
sion of global cropland - and loss of biodiversity - but the country would not excessively con-
tribute to that development (at least less than others). If the country were to adopt a stronger 
control of its consumption this could theoretically compensate for the growing demand in 
other regions and halt the expansion of global cropland in a certain target year (strong sus-
tainability "level 2").  
Formally this can be expressed: 
Actual Level (AL) of Total Resource Consumption (TRC):  ALi = TRCi/Popi/TRCg/Popg 
If ALi   =   1   TRCi is average 
    ALi   >   1   TRCi is above average 
    ALi   <   1   TRCi is below average5 
 
In this case, countryi would achieve ‘moderate sustainability’ if its resource consumption 
were below the expected average resource consumption of the global population (Popg).  
However, this does not consider the ‘safe operating space’ for resource consumption. For 
‘strong sustainability’ a country must achieve a consumption level below the level of global-
                                                
4 In 2002, Parties to the Convention on Biological Diversity (CBD) committed themselves to achieve a signifi-
cant reduction of the current rate of biodiversity loss at the global, regional and national levels by 2010. The 
global biodiversity outlook (2006) indicated amongst others that the loss of native forests still continued until 
2006 at significant rates due to land use change. 
5 In this case moderate sustainability occurs if GRC > GARE. If GRC < GARE, AL below 1 would be sustaina-
ble. 
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ly acceptable resource extraction (GARE) distributed equally among the global population. In 
other words: 
Share of acceptable capacity (SHARE):  SHAREi   =   TRCi/Popi/GARE/Popg 
If SHAREi   =   1   TRCi is equal to an acceptable use of resource extraction 
    SHAREi   >   1   TRCi is above an acceptable use of resource extraction 
    SHAREi   <   1   TRCi is below an acceptable use of resource extraction 
 
With data on "strong sustainability" we apply this broad and simple concept to the consump-
tion of land use in agriculture as well as forestry, and to the net annual increment in forestry, 
in order to explore its possibilities, limitations and needs for further development. 
 
3. Results 
3.1 Global land use of the European Union for consumption of agricultural goods 
In 2007 the EU-27 required 0.31 ha per capita of cropland worldwide for its overall 
consumption of agricultural goods (Figure 2a). This is one-third more than the globally avail-
able cropland per capita of the world population. Because population is increasing, the over-
all trend is for less cropland to be available per person. Since 2000, this trend can already be 
recognized, with a 7% decrease in world cropland per person until 2007. While citizens of the 
EU also used less cropland worldwide, the rates of decline are different (only 3% in the EU). 
 
Figure 2a Global cropland use for domestic consumption of agricultural goods in the EU-
27 and world cropland 
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Looking at global intensive agricultural land, the EU-27 "consumed" 0.45 ha per capi-
ta in 2007 (Figure 2b). This is almost one-fifth more than the domestic agricultural area with-
in the EU. Globally, 0.43 ha per capita of intensive agricultural land were available for the 
world population. Our result for the EU-27 GLUA is corroborated by the findings of von 
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Witzke und Noleppa (2010) following an independent approach. Trends since 2007 show a 
slightly more pronounced decline for the world (minus 5% intensive agricultural land per 
person) than for the EU-27 (minus 4%). The differences are, however, not really striking and 
the conclusion is that in terms of resource use of intensive agricultural land the EU-27 is 
more or less staying within the global average.  
 
Figure 2b Global use of intensive agricultural land for domestic consumption of agricul-
tural goods in the EU-27 and world intensive agriculture land  
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3.2 Assessing global agricultural land use with respect to acceptable levels 
Determining how much global land is potentially available for long-term, sustainable 
cultivation needs to integrate available knowledge on the impacts of land use change, on the 
relation and functions of the various types of land use and land cover and decide on the ac-
ceptable risk for when that threshold may be trespassed. Rockström and colleagues suggested 
that a further expansion of 400 Mha of cropland would be within the safe operating space. 
While the authors explicitly aimed to control the loss of biodiversity caused by land use 
change, they did not seem to consider the expansion of settlement and infrastructure areas, 
which often occur on fertile land. Stretching 306 Mha in 2005, the built environment without 
policy intervention is expected to grow by up to nearly 250 Mha (81%) by 2050 (Electris et 
al., 2009). According to Seto et al. (2010), urban area alone might expand between 40 and 
143 Mha from 2007 to 2050. Thus, there seems to be very limited room for expanding crop 
land. Although there are meanwhile vast stretches of land which has been abandoned, often 
because it has been degraded, it usually requires higher investments and knowledge capaci-
ties to restore its productivity compared to conversion of virgin natural land (for discussion 
see Bringezu 2009a).  To stop the loss of biodiversity through cropland expansion, van 
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Vuuren and Faber (2009) suggest that total agricultural land (including permanent pastures) 
should at least stabilize from 2020.   
Using this as a preliminary guideline and considering that also a change from perma-
nent pastures to cropland is usually associated with losses of biodiversity (MEA, 2005; Sala 
et al., 2009) as well as carbon (Fargione et al., 2008) and nutrient release, mainly depending 
on subsequent fertilization (in a range represented e.g. by Simpson et al. (2009) and Tilman 
et al. (2006)), we think that a cautious global target would be to halt the expansion of global 
cropland into grasslands, savannahs and forests by 20201.  
Starting from today’s global average of roughly 0.24 ha per capita of cropland, the 
trend may lead to only 0.21 ha per capita in 2030 (van Vuuren and Faber 2009, trend scenar-
io). Only to satisfy the increasing and changing food demand of the growing world popula-
tion an up to 20% increase of global cropland can be assumed (Bringezu et al., 2009a), which 
would lead to roughly 0.22 ha per capita in 2030. Following a strategy which aims at halting 
biodiversity loss due to land use changes and calls for halting expansion both of total agricul-
tural land and cropland from 2020 one would arrive at ca 1.66 billion ha, respectively 0.20 ha 
cropland per capita in 2030. In any case, the current EU consumption of about 0.31 ha per 
capita would clearly exceed the globally available cropland for each world citizen. Even a 
further yield increase of 1% p.a. on average would not suffice to keep the EU´s consumption 
below the global mean use of cropland. A further significant increase of non-food biomass 
demand, for instance for biofuels or biomaterials, has not been considered in those figures. 
Van Vuuren and Faber (2009) indicated that in particular diet change to low meat consump-
tion and reduced post-harvest losses could bring about the changes required for meeting a 
cropland stabilization goal from 2020. 
Similar conclusions may be derived from looking at intensive agricultural area, which 
may develop towards 0.37 ha per capita in 2030 worldwide6. The current EU consumption of 
0.45 ha per capita would also exceed the area used on average for each world citizen. A fur-
ther yield increase of 1% p.a. on average would bring the EU´s consumption below the global 
mean use of intensive agricultural land. However, expectations on further yield increases 
have to face impacts of climate change (Lobell and Field, 2007) and limitations in water sup-
ply or side effects of nutrient pollution (Bringezu et al., 2009a). 
For Germany, Bringezu et al. (2009b) compared the land already used for agricultural 
production to the land that would be needed to meet the overambitious policy targets for bio-
fuels. Taking the globally used per capita cropland as a preliminary reference they concluded 
that Germany would have to reduce its global use of intensively used agricultural land - 
which in 2004 exceeded domestic agricultural area by 21% - by one-quarter to one-third by 
2030 in order to not surpass their global "fair share". They concluded that a net increase in 
                                                
6 Using the projections for cropland as described, plus projections for intensive global grassland from PBL/NL 
(see footnote 3). 
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global use of intensively cultivated land and in greenhouse gas emissions would result from 
the increased use of biofuels, in particular from 1st generation biodiesel. 
Applying the formal sustainability criteria to global agricultural land use of the EU-
27, it becomes obvious that – at current resource use levels and assuming further yield in-
creases of 1% p.a. on average – neither actual levels of cropland use (AL) nor shares of ac-
ceptable cropland use (SHARE) can be reached by 2030 (table 1). Indeed, even under condi-
tions of (debatable) increasing yields ‘moderate sustainability’ criteria for cropland would be 
exceeded by ca. 15% and ‘strong sustainability criteria’ by around 19%. Data on global in-
tensive agricultural land use in 2030 depend on rather uncertain assumptions, and should be 
treated with caution. They may indicate that a further intensification of permanent pastures 
used for European consumption abroad could reduce some pressure on global land use. Fu-
ture research should assess the validity of the assumptions made here and analyse different 
scenarios of consumption (for countries and regions) against moderate and strong sustainabil-
ity references. 
 
Table 1 The EUs global resource use of cropland and intensive agricultural land and global 
resource use levels 
 
GLUA cropland in ha per 
person 
GLUA intensive agricultural 
land in ha per person 
 2007 2030 - trend 2007 2030 - trend 
  (1) TRCEU27 / POPEU27 0.31 b (0.24)* 0.45b (0.35)* 
  (2) GRC / POPg 0.23 b 0.21a 0.43 b 0.39 a 
  (3) GARE / POPg 0.20 a 0.20 a (0.37) a (0.37) a 
  AL  =  (1) / (2) 1.33 (1.15)* 1.06 (0.90)* 
  SHARE  = (1) / (3) 1.55 (1.19)* 1.22 (0.94)* 
Notes:   
2030 – trend: from van Vuuren and Faber (2009) – trend scenario 
()* - data is indicative only; derived from 2007 reference by assuming 1% p.a. average yield increase with other 
factors (consumption levels, population, etc.) remaining constant (highly uncertain) 
a    - data taken from van Vuuren and Faber (2009) for cropland and from PBL for intensive grassland 
()a  - preliminary data derived from van Vuuren and Faber (2009) for cropland and from PBL for   intensive 
grassland 
b    - calculations from this study based on FAO (for cropland) and PBL (for intensive grassland) 
 
3.3 Global land use of Switzerland for the consumption of forestry products 
Table 2 presents the results for scenarios7 analyzed by Zah et al. (2010). In 2006 the 
Swiss consumption of forestry goods required about 3500 m2 less global forestry land per 
                                                
7 In general, the scenario “resource scarcity” describes a high vegetarian diet, subsidized food by Swiss policy, 
and a world economic recession; scenario “unlimited growth” sets on low oil price, normal food supply and no 
global treaty on energy & climate policy; while scenario “challenges” combines the features of high oil price, 
high meat consumption, food crises, world economy boom, sustainable biofuels support by Swiss policy, and 
global emission reduction treaty. The reference scenario depicts continued trend development. 
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capita than what was available on a per capita basis for the world population (refer to line 
“Swiss minus World” in table 2). That means that on average, Swiss citizens used only about 
one-third of the per capita forestry land available on a global scale. All futures scenarios also 
revealed significantly lower per capita forest land requirements than global availability. This 
is because Switzerland imports about 93% of its total forestry products from the EU-27 
(BAFU, 2008), where productivities are similarly high to those in Switzerland and signifi-
cantly higher than the global average. While the results using forestland seem to indicate a 
low use of global forest resources, the results look very different if material flows (in m3) are 
accounted for instead (see table 3).  
 
Table 2 Swiss global forestry land requirements for domestic consumption compared with 
the world population’s availability of forest land (based on Zah et al., 2010) 
   m2 per person Status Quo Reference 
Scenario 1 
Resource scar-
city 
Scenario 2 
Challenges 
Scenario 3 
Unlimited 
growth 
  2006 2030 2030 2030 2030 
  Biomaterials 1,146 1,412 1,266 2,617 2,032 
  Bioenergy 562 423 568 501 456 
  Total 1,709 1,834 1,834 3,118 2,489 
  Self-supply ratio GLUF 83% 78% 78% 44% 57% 
  GLUF World 5,210 4,133 4,133 4,133 4,133 
  Swiss minus World -3,501 -2,299 -2,299 -1,015 -1,645 
  AL = Total / GLUF World 0.33 0.44 0.44 0.75 0.60 
 
 
Table 3 Swiss global forestry biomass requirements compared with the world population’s 
availability of forest biomass growth (based on Zah et al., 2010). 
  m3 per person Status Quo Reference 
Scenario 1 
Resource 
scarcity 
Scenario 2 
Challenges 
Scenario 3 
Unlimited 
growth 
  2006 2030 2030 2030 2030 
  Biomaterials 0.54 0.77 0.78 2.33 1.75 
  Bioenergy 0.30 0.28 0.50 0.40 0.35 
  TOTAL 0.84 1.05 1.28 2.73 2.10 
  Self-supply ratio MFA 91% 90% 98% 40% 52% 
  Sustainable NAI World 0.80 0.63 0.63 0.63 0.63 
  Swiss minus World 0.04 0.41 0.64 2.10 1.47 
  SHARE 1.05 1.65 2.01 4.31 3.32 
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3.4 Assessing global forestry land use with respect to acceptable levels 
Assessing the sustainable use of global forests by a country or a region is not straight-
forward. So far, similar to agriculture, unsustainable practices and trends have been reported 
and evaluated (e.g. FAO, 2006; ITTO, 2006) and sustainability measures have been aimed at 
the production side, for example by banning illegally harvested timber (e.g. The Lacey Act 
(US Government, 2008)) or improving certification (e.g. FSC certification). Two basic as-
pects need to be considered: (a) the extent of forest area, and (b) the quality of the forests, in 
particular with regard to productivity on the one hand and biodiversity on the other hand. In 
comparison to native forests, plantations provide higher yields but clearly support significant-
ly lower levels of biodiversity (Koh and Wilcove, 2007; Stephens and Wagner, 2007). In or-
der to prevent the further loss of biodiversity contained in forests, the forest area on all conti-
nents should not be diminished and native forests should not be converted into plantations. At 
the same time, countries differ with regard to natural endowment with forests, and depending 
on cultural geographic conditions, depend differently on forest resources (which, in contrast 
to food, renders it more difficult to interpret per capita consumption values globally). 
With regard to sustainability conditions of forestry, one may assume that wood is re-
moved only to a certain share of NAI growth (e.g. 80% sustainable use of NAI). Based on 
IIASA (2005), UNECE/FAO (2005) and other statistical sources we estimated the global 
forestry area for wood supply at 0.521 ha per capita and the sustainable use of NAI at 0.8 
m3/capita*yr (80% of maximum value). This reference data should be considered prelimi-
nary. 
In each scenario studied, the Swiss global consumption was higher than the estimated 
global NAI available on a per capita basis for the world population (Table 3). Only for past 
analysis (2006 status quo) was the Swiss consumption of forestry biomass within the global 
average availability per person. This indicates a future risk of over-proportional requirements 
for global forest resources by Switzerland. The Swiss self-supply ratio (SSR) of forest bio-
mass was at 91% in 2006, which underpins the importance of the country’s forestry sector. 
The SSR would not change much in the reference scenario. Due to the maximum sustainable 
use of domestic forest biomass in scenario 1, the SSR would even go up to almost 100%. In 
contrast, an increasing overall demand in scenarios 2 and 3, in particular for timber-based 
products, would lead to significant reductions of the self-supply ratio to levels between two-
fifths and two-thirds the domestic consumption and an exceedance of the sustainable resource 
share of up to 4 times.  
 
4. Discussion 
When the overall use of resources exceeds levels which can be supplied sustainably, it 
becomes necessary to limit that resource consumption and decouple it from further growth of 
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wealth and well-being. Orientation towards a cap of global cropland use and attribution of 
this cap towards countries, quite analogously to GHG emission caps, will not imply a limit to 
further economic growth and prosperity. On the contrary, safe-guarding the supply of re-
sources will underpin the physical basis of the economy, and an orientation towards a fair 
distribution of resource use between countries will foster an atmosphere of mutual trust and 
burden sharing, and thus also enhance international security.  
In that sense, worldwide cropland is a resource which is globally used through the 
consumption of biotic goods, food, materials and energy. As available evidence seems to 
indicate an overuse of global cropland in terms of a safe operating space, countries are chal-
lenged to contribute to lowering their demand for that resource appropriately. This can be 
done by increasing efficiency in the use of biotic products, for instance, reducing food waste, 
and controlling policies which trigger the demand for those resources, such as biofuel quotas. 
As a basis for decision making, data is required that shows the contribution of various prod-
ucts and the activities in industry and households which are linked to the largest amount of 
global land use. On that basis, existing policies may be adjusted, perhaps supported by a few 
additional flanking measures, to "choice-edit" consumption patterns and in particular foster a 
system’s wide more efficient use of biotic (and other) resources. There exist various options 
for enhancing the efficiency in the use of biomass, e.g. cascading use, reduction of wastes, 
improving fuel efficiency of car fleets, changed diets (Bringezu et al. 2009a). 
In any case, monitoring is needed to let countries know how they stand, and science 
could provide a reference for what a ‘sustainable development’ could look like. Policy in-
struments could then direct countries towards progress; targeting decreased consumption of 
critical global resources and perhaps increased consumption of others.  
One may question the concept of land as a global resource because conventional 
rights clearly define ownership and political sovereignty is usually linked to territorial auton-
omy. However, ownership is usually bound to responsible use, and in a globalised world na-
tional sovereignty has to cope with international interdependencies and principles of equity 
and burden sharing. The shrinking and degradation of global ecosystems like forests, due to 
the growing consumption of biotic resources, is both a national and regional, as well as a 
global challenge. Clearly, production and consumption in every country make use of foreign 
resources, including land, through imports and provide domestic resources for other coun-
tries’ use through exports. Thus, responsibility also becomes a matter for those who consume 
and indirectly use others’ resources, in particular when the resource use may contribute to an 
overuse of global capacities. This is particularly an issue for regions such as the EU as a "net 
consumer" of global cropland. The need to monitor and control the domestic consumption of 
global agricultural goods grows with the increasing globalization of food, feed, biofuel and 
biomaterial markets. 
The orientation towards equal per capita values of resource consumption may be 
questioned because countries possess different endowments of natural resources. Forest rich 
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countries may traditionally rely on timber resources to a higher degree than countries lacking 
large forests. Interestingly, countries with a strong forest based industry and traditionally 
widespread use of timber products, like Germany (Bringezu et al., 2009c), Sweden 
(Junginger et al., 2008) and Switzerland (Zah et al., 2010), are expected to exceed their na-
tional supply capacities and increasingly source timber from forests in other world regions. 
The question arises: to what extent can this growing demand be supplied sustainably? Our 
data indicate that, for instance, Switzerland may not only become more dependent on imports 
but also consume an over-average amount of global net annual forest increment, depending 
on the future development path they take. Certainly, the data basis for determining the global 
NAI needs to be improved. That said, our preliminary results indicate that governments, like 
in Switzerland, might consider policies which provide incentives for the use of timber for 
energy and biomaterials in a more moderated manner.  
Also for cropland and agricultural land in general, one may question the orientation 
towards a globally equal per capita use with regard to the different endowments of countries 
with fertile soils and humid conditions, as well as technological means and know-how, which 
allow high yields and thus the potential to minimize cropland requirements. Future work 
should elaborate whether global land use targets should be specified for continents or bio-
geographical regions or development status. Still, however, one would have to consider that 
markets for agricultural commodities are - increasingly - globally linked, that food and non-
food biomass compete for fertile soils, that technological capacities are expected to further 
converge, and that people worldwide should be entitled to an equitable share of resource sup-
ply. As shown for forest products, the amount of hectares may be misleading, and the ques-
tion arises whether the share of "global agricultural harvest" would be a better indicator than 
per capita cropland compared to the global average. Haberl et al.  (2007) proposed human 
appropriation of net primary production (HANPP) as an indicator for the human domination 
of the eco-sphere. Their definition of HANPP includes the difference of net primary produc-
tion (NPP) between the original vegetation without human influence and the actual NPP. The 
interpretation of HANPP embodied in trade and consumption by countries (Erb et al. 2009) 
seems difficult as areas with negative values (e.g. in irrigation zones) are summed up with 
areas showing positive values (e.g. where cropland converted primary forests), and a sustain-
able level of HANPP might be hard to define. Instead, and analogously to the NAI in forests, 
one may explore calculation and assessment of the NAI in agriculture under local sustainabil-
ity conditions, worldwide and in the different world regions. This, however, seems to be a 
long-lasting effort, and it may not hinder the expansion of global cropland effectively and 
quickly enough. Thus, for the coming decade(s), as land use policy is going to become also 
an issue of all product and consumption related policies, decision makers may be informed 
based on real global hectares of cropland (and equivalent land). At least for Europe, where 
growing conditions are favourable and technologies are above the global average, our data 
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indicate that consumption is already beyond what may be deemed sustainable, although as-
sumptions and data certainly need discussion and refinement. 
Finally, it should be clarified that our approach presents a method to account for sus-
tainable levels of consumption. It is relevant for land use and the reproductive potential of 
biomass at the country scale and needed to support decision making of national or regional 
governments, as well as industry and NGOs. Sustainable management of resources will nev-
ertheless require action at various scales. At the field scale, principles of good agricultural 
and forestry practice need to secure soil fertility, minimize nutrient pollution and erosion and 
foster an efficient use of water. The better local resources are managed, the less the need to 
shift cultivation away from degraded land. Production related standards are therefore neces-
sary to ensure the proper management of each hectare, and product certification may help to 
promote this via the demand for selected products. At the same time, these standards do not 
control the overall demand of products and therefore need to be complemented by the meas-
urements and references described in this article for the economy-wide management of the 
number of hectares and the share of biotic regeneration capacity. Not least, our approach 
contributes to the further development of land change science and to complement the prevail-
ing perspective to "micromanage the physical world" (Turner et al. 2007) with approaches of 
macromanagement which effectively addresses the driving forces of resource consumption. 
 
5. Conclusions 
The measurement of global land use for the consumption of agricultural goods allows the 
combined effect of food and non-food demand on global environmental pressures, such as the 
expansion of cropland, to be compared. For the EU-27 the available data indicate that the 
consumption level in 2007 -- when the use of biofuels was still rather low, at 2.6% of total 
final energy consumption of petrol and diesel for transport (EC, 2010) -- exceeded the as-
sumed equitable world level. With constant proportions of biomass based product consump-
tion, the expected level in 2030 following business-as-usual might also be beyond sustainable 
levels. One may conclude that the envisioned additional supply of biofuels, as long as they 
are cropland based, triggered through the renewable energy quota for transport fuels in the 
EU, will add to the pressure of cropland expansion mainly in (tropical) regions outside the 
EU. Selected certification for biofuels will not hinder indirect land use changes for the supply 
of - noncertified - food. The increasing use of forest products - for bioenergy and material 
purposes - may also face limits of global sustainable supply. Thus, renewable energy and 
biomaterials policies need to be further developed and integrated into sustainable biomass 
action programmes - and moreover into an economy-wide sustainable resource management 
scheme (Bringezu, 2011) - which considers the consumption of food and non-food biomass 
and its related land use and environmental effects both within and outside the EU. The con-
cept, data and assumptions presented here should be further refined and tested for applicabil-
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ity. Global land use accounting should become part of EU´s official reporting8. Future model-
ling of global land use changes will need to consider the growing demand for both food and 
non-food biomass. Purely sectoral analysis of certain biomass products will be inadequate to 
assess land use change related effects induced by countries and regions. Although data and 
classifications presented will need to be refined by future work, our approach may help to 
provide the basis for redirecting national and regional policies affecting biomass consump-
tion, for instance by prioritizing and optimizing food supply while restricting non-food bio-
mass consumption. 
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